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Tuesday, March 8, 2011 353areport on such events that may occur over both a limited and an extensive area
(across several sarcomeres). The mechanisms whereby local and extensive
quarky Ca2þ release events may occur will be discussed. The existence of
such quarky Ca2þ release co-mingled with the more prominent Ca2þ spark
based Ca2þ release provides important new understanding of cardiac Ca2þ sig-
naling in health and disease.
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Cardiac Ryanodine Receptor Phosphorylation at Ser2808 is Involved in
Intra-SR Calcium Sensing
Nina D. Ullrich, Ernst Niggli.
University of Bern, Department of Physiology, Bern, Switzerland.
During stress, cardiac function is enhanced via b-adrenergic stimulation.
Phosphorylation of cardiac ryanodine receptors (RyR2) has been proposed
to lead to increased Ca2þ release from the sarcoplasmic reticulum (SR), but
experimental findings are controversial. Using cardiomyocytes lacking the
PKA phosphorylation site Ser2808 on RyR2 we previously observed that
this site contributes to improved spatio-temporal synchronization of Ca2þ re-
lease during EC-coupling under b-adrenergic stimulation, presumably by
a Ca2þ sensing mechanism inside the SR. Here, we further tested the hypoth-
esis that Ser2808 phosphorylation modulates RyR2 function via its depen-
dence on [Ca2þ]SR. Cardiomyocytes from control and S2808A mice were
loaded with fluo-3-AM and Ca2þ was imaged with confocal line-scans.
Ca2þ waves were induced by increasing external [Ca2þ] to 10mM and ana-
lyzed in control and during b-stimulation with isoproterenol (1mM). In control
conditions Ca2þ transients during a wave showed a comparable amplitude and
time course. However, wave speed was reduced by 25% in S2808A cells, pos-
sibly related to a lack of background phosphorylation at this site. While ISO
increased wave speed by 15% in control cells (from 98 to 113mm/s), it re-
mained unaffected in S2808A cells (from 73 to 75mm/s). This situation could
be reproduced in control cells preincubated with the PKA inhibitor H89 or the
CaMKII inhibitor KN93, indicating a complex regulation of CICR that is
pharmacologically difficult to dissect in intact cells. Taken together our find-
ings in S2808A myocytes reveal a lack of Ca2þ release synchronization (via
an intra-SR Ca2þ sensing mechanism) and an ablation of Ca2þ wave speed
modulation (presumably by the same mechanism) by b-adrenergic stimula-
tion. Thus, Ser2808 phosphorylation may change the sensitivity of the
RyR2 for intra-SR Ca2þ. Hyperphosphorylation of Ser2808, as in failing
hearts, may thereby render RyR2 hypersensitive and contribute to increased
Ca2þ leak.
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Different Capabilities for CICR of Skeletal Muscle of Amphibians and
Mammals, Demonstrated through the Response to Artificial Ca Sparks
Lourdes Figueroa1, Vyacheslav Shkryl1, Jingsong Zhou1,
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3Mt. Sinai Medical School, New York, NY, USA, 4Universidad de la
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To probe CICR (Endo, Phys. Rev. 2009), single skeletal muscle cells were
stimulated with artificial Ca2þ sparks generated by spot 2-photon breakdown
of NDBF-EGTA, while their Ca2þ response was monitored by confocal im-
aging of fluorescence of fluo 4FF. The cells had their plasmalemma permea-
bilized. Sparks were applied either inside cells or slightly outside, a method
that avoids photodamage and allows measurement of the triggering [Ca2þ] at
precisely the time when the cellular response is elicited. Frog skeletal muscle
fibers usually responded to stimuli > 1 mM with a propagating, all-or-none
Ca2þ wave. The moving wavefront peaked at 3-5 mM; the calculated Ca2þ
release flux peaked at 50-100 mM/s and the wave velocity was ~100 mm/s
(and slightly faster in the axial direction). In other cases a ‘‘frustrated’’ re-
sponse was generated, which stopped after propagating for 20-30 mm, usually
following progressive reduction in Ca2þ release flux. In striking contrast, the
same stimuli failed to elicit a response when applied to cells of the mouse
FDB muscle. Variants of the stimulus included ‘‘whorls’’ (2-P radiation in
scribbles that covered regions of ~3 mm diameter), involving much greater
amounts of Ca2þ than an artificial spark. Whether placed outside or inside
the cells, even at intensities that caused persistent cell damage, whorls eli-
cited neither the fully propagated nor the frustrated response. These results
directly demonstrate that frog muscle is capable of CICR but do not prove
a physiologic role, as they were obtained on permeabilized cells. In conclu-
sion, mammalian muscle does not have the CICR capability, which other
works have associated with the presence of RyR isoform 3 (Pouvreau
et al., PNAS 2007; Legrand et al., J. Physiol. 2008). Supported by NIAMS
and NHLBI (NIH).1912-Plat
Orai1-Mediated Calcium Entry Controls the Cytosolic Calcium Concen-
tration and SR Calcium Loading in Quiescent Myotubes
Jose M. Eltit1, Hongli Li1,2, Hiroshi Takeshima3, Jianjie Ma4,
Jose R. Lopez1, Paul D. Allen1.
1Brigham and Women’s Hospital, Boston, MA, USA, 2Third Military
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In the absence of store depletion plasmalemmal Ca2þ permeability in resting
muscle is very low and its contribution in the maintenance of Ca2þ homeostasis
at rest has not been studied in detail. Junctophilin 1 knockout myotubes (JP1
KO) have a severe reduction in Store Operated Ca2þ Entry (SOCE), presum-
ably caused by physical alteration of the sarcoplasmic reticulum (SR) and T tu-
bule junction leading to disruption of the SR signal sent by Stim1 to activate
Orai1. Using JP1 KO myotubes as a model, we assessed the contribution of
Orai1 mediated Ca2þ entry pathway on the overall Ca2þ homeostasis at rest
with no store depletion. JP1 KO myotubes have decreased Ca2þ entry, myo-
plasmic [Ca2þ]rest and SR Ca
2þ content compared to Wt myotubes and unlike
Wt myotubes, are refractory to BTP2, a Ca2þ entry blocker. JP1 KO myotubes
show down regulation of Orai1 and STIM1 proteins suggesting that this path-
way may be important in the control of resting Ca2þ homeostasis. Wt myotubes
stably transduced with Orai1(E190Q) had similar alterations in their resting
Ca2þ homeostasis as JP1 KO myotubes and were also unresponsive to BTP2.
JP1 KO cells show decreased expression of TRPC1 and 3 but over-express
TRPC4 and 6, on the other hand the TRPCs expression profile in Orai1
(E190Q) myotubes was comparable toWt. These data suggest that an important
fraction of the resting plasmalemmal Ca2þ permeability is mediated by the
Orai1 pathway, which contributes to the control of [Ca2þ]rest and resting
Ca2þ stores and that this pathway is defective in JP1 KO myotubes.
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Structural and Dynamic Features of the Immuno-Active GTPase hGBP1 -
a Single Molecule Study
Carola S. Hengstenberg1, Alessandro Valeri2, Thomas Peulen2,
Markus Richert2, Tobias Vo¨pel1, Christian Herrmann1, Claus A. Seidel2.
1Ruhr University of Bochum, Germany, Bochum, Germany, Germany,
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Upon penetration of the human body with infectious pathogens a distinct upre-
gulation of Interferon gamma, an inflammatory cytokine, leads to a high level
expression of the human guanylate binding protein 1 (hGBP1) in the target cell.
Cell biological data yield vague information about the hGBP1’s integration into
host defense, but the diversity in defensive effects (e.g. antiviral and -bacterial,
tumor growth inhibitive) is pointing to a great importance in innate immunity.
The biochemistry of hGBP1 in vitro is well characterized. Beside GTP binding
and hydrolysis a characteristic property of hGBP1 is its ability to selfassemble.
In the course of GTP hydrolysis oligomerisation occurs in a highly concentra-
tion depedent manner accelerating of hydrolysis. Morerover, it was found that
this process involves extensive conformational changes inside the protein.
To study these intra- and intermolecular conformational changes - meaning
changes in the distance - via fluorescence resonance energy transfer multipa-
rameter fluorescence detection under single molecule conditions as well as
other advanced fluorescent techniques were applied. Therefore cysteines
were introduced at distinct positions by site-directed mutagenesis and labelled
with a FRET dye pair and measurements were performed in the presence of dif-
ferent nucleotide analogues. Also, the dependence on the protein concentration
was subjected.
It could be shown that the protein quickly oscillates around the conformation
seen in x-ray data. In the presence of GppNHp or GDP AlFx the molecules ap-
peared to be fixed in the open conformation. Various intramolecular and inter-
molecular distances could be extracted. In the presence of GppNHp either
dependence on nucleotide concentration and protein concentration was found.
These data allow conclusions about the overall oligomerisation dependent
structural and dynamic changes inside hGBP1.
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Jin Yu1, Wei Cheng2, Carlos Bustamante1, George Oster1.
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NS3 helicase from hepatitis C virus (HCV) uses the free energy from ATP hy-
drolysis to translocate along single stranded DNA (ssDNA) or RNA, unwind
double-stranded (ds) duplex, or displace proteins along the track. In this work,
we present a semi-quantitative model for translocation and unwinding activities
354a Tuesday, March 8, 2011of monomeric NS3 helicase. The model is based on structural, biochemical and
single molecule measurements of the helicase. First, we have assumed that NS3
helicase walks unidirectionally by alternately moving its two translocase do-
mains forward one nucleotide (nt) at a time, as that being suggested for a similar
helicase PcrA. Second, in our model NS3 helicase displays diffusive character
uponATP binding (before helicase dissociation), due toweak affinity of the heli-
case to the ssDNA.Thehelicase diffusion leads to occasional backward steps and
increases displacement fluctuations that are supposedly detectable from single
molecule experiments. Further, our model suggests that NS3 helicase interacts
with the duplex at the ss-ds junction such that (i) the helicase can actively unwind
the duplex by reducing free energy of base pairing /stacking at the duplex end;
(ii) the helicase can be stabilized at the junction by its favorable association
with the duplex backbone. By fitting with NS3 unwinding data from single mol-
ecule optical-tweezer measurements, our model explains sequence dependences
of the unwinding velocity, efficiency, and helicase dissociation rate. In particu-
lar, based on the experimental data, we have quantified how active the NS3 heli-
case is in its unwinding, and estimated how fast the helicase diffuses in its ATP
bound state. The generic features of coupling ssDNA/RNA translocation with
duplex unwinding presented in our NS3 helicase model may apply as well to
other similar systems.
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The RSC Chromatin Remodeling ATPase can Translocate DNA with
High Force and Small Step Size
George Sirinakis1, Cedric R. Clapier2, Ying Gao1, Ramya Viswanathan2,
Bradley R. Cairns2, Yongli Zhang1.
1Yale University, New Haven, CT, USA, 2University of Utah, Salt Lake City,
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ATP-dependent chromatin remodeling complexes (remodelers) use the energy
of ATP hydrolysis to reposition and reconfigure nucleosomes. Despite their di-
verse functions, all remodelers share highly conserved catalytic ATPase do-
mains, many of which are shown to translocate DNA. Understanding
remodeling requires biophysical knowledge of the DNA translocation process:
how the ATPase moves DNA and generates force, and how translocation and
force generation are coupled on nucleosomes. Here we characterize the real-
time activity of a minimal translocase ‘motor’ complex isolated from a proto-
typical remodeler (RSC) on bare DNA, using high-resolution optical tweezers
and a ‘tethered’ translocase system. We observe on dsDNA a processivity of
~35 bp, a speed of ~25 bp/sec, and a step size of 1.9 (5 0.3, s.d.) bp. Surpris-
ingly, the motor is capable of moving against high force, up to 30 pN, making it
one of the most force-resistant motors known. We also provide evidence for
DNA ‘buckling’ at initiation. These observations extend and clarify measure-
ments of nucleosome-dependent translocation by the complete RSC or SWI/
SNF complex, and reveal the ATPase as a powerful and versatile DNA trans-
locating motor capable of disrupting DNA-histone interactions by mechanical
force using a small step size.
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The Enzymatic Motor Activity of Nonmuscle Myosin II-B is not Critical
for Cardiac Myocyte Cytokinesis
Xuefei Ma, Robert S. Adelstein.
NHLBI/NIH, Bethesda, MD, USA.
Nonmuscle myosin (NM) II is believed to drive contractile ring constriction
during cytokinesis and NM II-B is the major nonmuscle myosin II isoform ex-
pressed in cardiac myocytes. Ablation of NM II-B in mice resulted in premature
binucleation in cardiac myocytes consistent with a role for NM II-B in cytoki-
nesis. Surprisingly binucleation can be rescued by expressing a motor-impaired
mutant form of NM II-B (R709C) in the mouse heart, suggesting that NM II-B
enzymatic motor activity is not essential for cytokinesis. We tested this hypoth-
esis directly by using a COS-7 cell line which resembles cardiac myocytes in
containing only NM II-B and small quantities of NM II-C (<7%) but no NM
II-A. Previous work had shown that using siRNA to deplete NMHC II-B in
this cell line resulted in multinucleation due to a failure in cytokinesis. We
now show that COS-7 cell multinucleation can be rescued by transfecting
with mutant forms of NM II-B (R709C) or NM II-A (N93K). These two mutant
NM IIs have previously been shown to have marked reductions in their actin-
activated MgATPase activity (70% in the case of NM II-B and 96% in the case
of NM II-A) and neither could propel actin filaments in an in vitro motility as-
say. Importantly, cytokinesis is inhibited by the myosin II inhibitor blebbistatin
in COS-7 cells expressing either wild-type NM II-B or the mutant form of NM
II-A (or II-B). Whereas blebbistatin blocks myosin in an actin-detached state,
the mutant NM IIs (R709C II-B and N93K II-A) have no defect in their actin-
binding activity. Our results therefore argue that the role of NM II in cytokine-
sis depends more on its actin binding (cross-linking) property than its
enzymatic Mg2þ-ATPase activity.1917-MiniSymp
Dynein’s Dual Roles as a Motor and Tether in the Neuron
Adam G. Hendricks, Eran Perlson, Jacob E. Lazarus, Mariko Tokito, Yale
E. Goldman, Erika L.F. Holzbaur.
University of Pennsylvania, Philadelphia, PA, USA.
While the myosin and kinesin superfamilies achieve diverse functions through
a large number ofmotors, each specialized to its role, cytoplasmic dynein accom-
plishes varied roles in the cell through diverse interacting partners. We hypoth-
esized that in addition to its role in bidirectional organelle transport, mammalian
dynein might also play role in tethering microtubules at the cortex, analogous to
the well-characterized function of dynein in S. cerevisiae. We identified a direct
interaction between dynein and the neuronal cell adhesion molecule NCAM180
that recruits dynein to the cortex. To test the ability of dynein to tether microtu-
bule plus ends,microtubules containing short biotinylated segments at theminus
end were attached to the coverslip, allowing the non-biotinylated plus-ends to
exhibit diffusive movements. When dynein-coated beads were brought near to
the plus-end using an optical trap, the microtubule became tethered, while beads
coated with BSA or kinesin-1 did not effectively restrict lateral fluctuations. In
dynamic microtubule assays, plus-ends tended to associate with dynein-coated
beads and continue to grow, remaining in contact with a bead for 94þ/-18 s
(meanþ/-SEM). In contrast, encounters between growing plus-ends and BSA-
coated beads often led to catastrophe, decreasing the contact time to 45þ/-16
s. In live cell assayswe alsomeasured a significant increase inmicrotubule dwell
time in the vicinity of NCAM patches (189þ/-12 s, compared to 100þ/-7 s in
controls). Together, these data support amechanism inwhich dynein is anchored
to the cell cortex by NCAM180 and transiently tethers the plus-ends of microtu-
bules. Tetheredmicrotubules likely provide a direct connection between the cell
center and sites of cell-cell interaction, eithermechanically or as preferred routes
for transport, creating a powerful mechanism for cells to respond to or produce
stimuli in the extracellular environment.
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Kinesin-1/Hsc70-Dependent Mechanism of Slow Axonal Transport and its
Relation to Fast Axonal Transport
Sumio Terada1,2, Masataka Kinjo3, Makoto Aihara4, Yosuke Takei4,
Nobutaka Hirokawa4.
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Cytoplasmic protein transport in axons (‘slow axonal transport’) is essential for
neuronal homeostasis, and involves Kinesin-1, the same motor for membranous
organelle transport (‘fast axonal transport’). However, both molecular mecha-
nisms of slow axonal transport and difference in usage of Kinesin-1 between
slow and fast axonal transport have been elusive. Here, we show that slow axonal
transport depends on the interaction between the DnaJ-like domain of the kinesin
light chain in the Kinesin-1motor complex and Hsc70, scaffolding between cyto-
plasmic proteins and Kinesin-1. The domain is within the tetratricopeptide repeat,
which can bind tomembranous organelles, and competitive perturbation of the do-
main in squid giant axons disrupted cyto-
plasmic protein transport and reinforced
membranous organelle transport, indicating
that this domain might have a function as
a switchover system between slow and fast
transport by Hsc70. Transgenic mice over-
expressing a dominant-negative form of
the domain showed delayed slow transport,
accelerated fast transport and optic axonop-
athy without elevation of intraocular pres-
sure. These findings provide a basis for the
regulatorymechanism of intracellular trans-
port and its intriguing implication in the un-
derstanding of neuronal dysfunction such as normal tension glaucoma.
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Compact Multi-Color STED Microscopy
Johanna Bueckers, Lars Kastrup, Stefan W. Hell.
Max Planck Institute for Biophysical Chemistry, Goettingen, Germany.
Stimulated emission depletion (STED) microscopy enables fluorescence imag-
ing on the nanoscale with resolutions of 20 nm and beyond. As samples pre-
pared for far-field fluorescence microscopy are in general also suitable for
STED imaging, it has been applied advantageously in biosciences, in particular
investigations of subcellular structures and assemblies.
